The antioxidant properties and total phenolic contents of four fractions of ethanolic extract from Ramulus mori were examined. Various experimental models including superoxide radical, hydroxyl radical, 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH) scavenging activity, metal chelating activity, and reducing power were used for characterization of their antioxidant activity. The four fractions showed various degrees of efficacy in each assay in a dose-dependent manner. The third fraction with the highest amount of total phenolics was the most potent antioxidant in all assays used. In addition, the most powerful compound (oxyresveratrol) was isolated and identified followed by on-line HPLC method and characterized by different spectral analysis. Oxyresveratrol exhibited impressive antioxidant activities in scavenging the superoxide radical, hydroxide radical, and DPPH. On the basis of the results obtained, Ramulus mori may serve as a potential source of natural antioxidant due to its significant antioxidant activity and oxyresveratrol may be the most powerful antioxidant in ethanolic extracts of Ramulus mori.
INTRODUCTION
It is well known that reactive oxygen species (ROS) have been implicated in more than 100 diseases, including malaria, acquired immunodeficiency syndrome, heart disease, stroke, arteriosclerosis, diabetes, cancer, and gastric ulcer (Hertog et al., 1993) . Although all organisms possess antioxidant systems for protection from oxidative damage, this system is insufficient to prevent all possible damage. Antioxidant compounds contained in foods, cosmetics, and medicine may minimize the oxidative damage, since antioxidants can terminate direct ROS attacks and radical-mediated oxidative reactions. Although synthetic antioxidants such as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), propyl gallate (PG), and tert-butylhydroquinone (TBHQ) are widely used as food additives, BHT and BHA are known to have toxic and carcinogenic effects on humans (Wichi, 1988) . Thus, with increasing consciousness of consumers with regard to safety of food additives, the safer sources of food antioxidant is created. Therefore, the search for natural antioxidants, especially of plant origin, has notably increased in recent years (Loliger, 1991) .
Phenolic compounds account for most of the antioxidant activities of plant extracts. Phenolic compounds in plants vary in content and structure and thus lead to their different antioxidant properties. The isolation and the identification of their chemical structures are very important for use of plant extracts as new food additives. This allows the development of efficient quality control measures to ensure the authenticity and standardization of product composition and quality. Identification of the phytochemicals, which make a major contribution to the antioxidant activity of plant extracts, is often difficult because of the large number of phenolic components that are present. Although many isolation attempts have been carried out so far, a successful isolation usually requires a repeated assay-guided fractionation process. This repeated process is timeconsuming. An on-line HPLC method for detection of the components that are most active in scavenging the radical species, 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH), has been developed (Bandoniene and Murkovic, 2002) . This method has many advantages over the classical assay-guided fractionation method such as: (1) separation and detection of an antioxidant are completed at the same time; (2) violet DPPH is easy to use, which has a high sensitivity;
(3) rapid analysis of the antioxidant activity of a large number of samples; (4) DPPH is inexpensive and easy to handle. Under the appropriate reaction conditions, a more active compound can be detected as a faster reducing peak according to its reactivity, which may enable us to select the most active compound in the extract.
Mulberry is a fast-growing deciduous plant that grows under different climatic conditions (i.e., tropical, subtropical, and temperate) and it is valued for its foliage, which constitutes the chief feed for silkworms. Ramulus mori is the branch mulberry. In traditional Chinese medicine, its actions are to expel wind, dredge the meridians, and ease joint pain. Ramulus mori has been shown to possess pharmacological properties such as immunity, hypolipidemic effect, and antiinflammatory activity (Wu et al., 2005; Wang et al., 2002) . But in China, only a small part of the Ramulus mori is used as medicine. Most of it acts as agricultural wastes, occupying much space, and creates greater environmental problems. On the other hand, most studies are mainly focused on the leaves and root cortices of mulberry, and little is known about the antioxidant activity of Ramulus mori.
Bearing this in mind, the present study was designed to investigate the antioxidant activity of the ethanolic extract from the low-cost material (Ramulus mori), and to isolate the most powerful antiradical compound with the reference to the result of the on-line HPLC method.
MATERIALS AND METHODS

Materials
Standards and Reagents
DPPH, Folin-Ciocalteu's phenol reagent, 3-(2pyridyl)-5,6-diphenyl-1,2,4-triazine-4,4-disulfonic acid monosodium salt (ferrozine), catechin, riboflavin, BHA, 2-Deoxy -d-ribose, nitro blue tetrazolium (NBT), and EDTA were all purchased from Sigma-Aldrich (St. Louis, MO). All other chemicals and solvents were of the highest commercial grade and obtained from Huadong Chemical Reagent Co. Ltd. (Hangzhou, China).
Samples
Ramulus mori was collected at the end of June 2007 from the mulberry field of Zhejiang University, Hangzhou, China. Diameter of the twigs selected was below 1.5 cm. The sample was confirmed by Professor Zhiyi Ye, College of Animal Science, Zhejiang University and voucher specimens were deposited at the Herbarium of the College of Animal Sciences, Zhejiang University, Hangzhou, China.
Methods
Preparation of Plant Extracts
The dried sample (2.50 kg) was cut into small pieces and soaked in 70% ethanol (10 L) at ambient temperature for 6 days. The extracts were decanted, filtered under vacuum, and then concentrated by rotary evaporator to obtain the ethanolic extract of Ramulus mori (RF). The ethanolic extract was then passed through D101 resin column chromatography. Elution was performed successively by H 2 O, 25, 50, and 95% ethanol to give four fractions, which were named as RF 1 , RF 2 , RF 3 , and RF 4 , respectively. The antioxidant activities of each fraction were tested by various assays in order to determine the most active fraction. Different solvents were used for the preparation of fractions to determine the antioxidant efficacy of Ramulus mori.
All the experiments were conducted in triplicates.
Detection Procedure of Antiradical Compounds in Ethanolic Extract from Ramulus mori by HPLC-DAD
The fraction (2 mg) of the ethanolic extract with the highest antioxidant activity determined by various assays was dissolved in methanol (5 mL) and passed through a Sep-Pak C18 cartridge (Waters, Milford, MA). The C18 cartridge was first conditioned by sucking with one column volume of methanol followed by two column volumes of a 3% HCl solution (v/v) in HPLC grade water. The cartridge was not allowed to dry out during conditioning. The sample extract was then transferred to the cartridge. The cartridge bed was then rinsed with HCl (3%, 5 mL) and air-dried under vacuum for 15 min. Phenolic compounds were eluted with HPLC grade methanol (2 mL) and analyzed by HPLC, both before and after reaction with DPPH.
The analytical solution (100 mL) of eluted phenolic compounds was mixed with freshly prepared 5 mM DPPH methanol solution (100 mL). The mixture was stirred well and allowed to stand at 25 C for 5 min. Samples were filtered through a 0.2 mm Millipore filter into a 2 mL autosampler vial for subsequent analysis by HPLC. The solution (10 mL) was injected into the HPLC and analyzed according to the following conditions: column, Synergi Hydro RP column (150 mm Â 4.6 mm i.d., 4 mm, Phenomenex). Solvent A was 0.1% formic acid in water. Solvent B was 0.1% formic acid in acetonitrile. The program was isocratic at 90% A, 10% B for 10 min and then 50% A, 50% B for 28 min, and then 100% B for 8 min and finally 90% A, 10% B for 15 min. The flow rate was 0.5 mL/min. The HPLC was equipped with a diode array detector (Dionex PDA 100 photodiode array, USA) controlled by Chromeleon software version 6.60 Build 1428. Chromatograms were recorded at 260, 280, and 320 nm.
The components with strong radical-scavenging ability were characterized by comparing its reduction in area of peaks. In the present study, we use it as a reference to further isolate the most powerful radical-scavenging components. About 10 g of the most bioactive fraction was further purified using silica gel (200300 mesh) column (1000 mm Â 45 mm). The column was eluted with chloroform : methanol (6 : 1, 4 : 1, 2 : 1, 3 : 2, 1 : 1) gradients. Forty-eight fractions measuring 100 mL each were collected. An aliquot of all the fractions were loaded on the TLC plate. According to the above HPLC result, fractions having this powerful antiradical component were pooled and concentrated on a rotary evaporator and then it was re-subjected to CC (Sephadex LH-20, methanol) to afford this compound.
Methods of Identification of Bioactive Compounds
UV-V Spectrophotometry
UV-Vis spectrum of the isolated bioactive compound was recorded on a Shimadzu UV-160A instrument (Shimadzu, Singapore) at room temperature. About 1 mg isolated compound dissolved in 20 mL of chloroform was used to record the spectrum. The region from 200 to 800 nm was employed for scanning.
Liquid Chromatography-Mass Spectrometry
Mass spectrum of the isolated bioactive compound was recorded on instrument HP 1100 MSD series (Palo Alto, CA) by electro spray ionization (ESI) technique with a flow rate of 0.2 mL/min on C 18 column (300 mm Â 4.6 mm 5 m Thermo Hypersil). The mobile phase was acetonitrile : water (70 : 30) with total run time of 25 min. About one mg of isolated compound dissolved in 10 mL of methanol was used for recording the spectrum. The column temperature was maintained at room temperature.
Two-dimensional Heteronuclear Multiple Quantum
Coherence Transfer Spectroscopy NMR Spectra NMR spectra were recorded on a Bruker (Rheinstetten, Germany) DRX 500 NMR instrument operating at 500 MHz for 1 H and 125 MHz for 13 C at room temperature. A region from 0 to 20 ppm for 1 H and 0 to 200 ppm for 13 C was employed for scanning. Signals were referred to internal standard tetramethylsilane. About 45 mg of isolated bioactive compound dissolved in CdCl 3 was used for recording the spectra.
Total Phenolics Determination
Total phenolics in all samples were determined using Folin-Ciocalteu reagent according to the method of Singleton and Rossi (1965) using catechin as a standard. Briefly, extract solution (1 mL, 1 mg/mL) in a volumetric flask was diluted with glass-distilled water (46 mL). Folin-Ciocalteu reagent (1 mL) was added and the contents of flask were mixed thoroughly. After 3 min, sodium carbonate solution (3 mL, 2%) was added, and then the mixture was allowed to stand for 2 h with intermittent shaking. The absorbance was measured at 760 nm and the total phenol content was expressed as mg/g extract.
Scavenging of Superoxide Radical
The assay was based on the capacity of the fractions of ethanol extract to inhibit formazan formation by scavenging the superoxide radicals generated in riboflavin-light-NBT system (Beauchamp and Fridovich, 1971) . Each 3 mL reaction mixture contained 50 mM sodium phosphate buffer (pH 7.6), 20 mg riboflavin, 12 mM EDTA, 0.1 mg NBT, and 1 mL sample solution. Reaction was started by illuminating the reaction mixture with different concentrations of fractions (20100 mg/mL) for 90 s. Immediately after illumination, the absorbance was measured at 590 nm. The entire reaction assembly was enclosed in a box lined with aluminum foil. Identical tubes with reaction mixture were kept in the dark and served as blanks. The percentage inhibition of superoxide anion generation was calculated using the following formula:
where A 0 is the absorbance of the control, and A 1 is the absorbance of the samples.
The sample concentration providing 50% inhibition (EC 50 ) was calculated from the graph. The superoxide radical scavenging activity of ascorbic acid was also assayed for comparison.
Hydroxyl Radical Scavenging
The deoxyribose assay was used to determine the hydroxyl radical scavenging activity in an aqueous medium (Halliwell et al., 1987) . The reaction mixture containing FeCl 3 (100 mM), EDTA (104 mM), H 2 O 2 (1 mM), and 2-deoxy-d-ribose (2.8 mM) were mixed with or without various concentrations of different fractions (10100 mg) in 1 mL final reaction volume, made with 20 mM potassium phosphate buffer, at pH 7.4 and incubated for 1 h at 37 C. The mixture was heated to 95 C in a water bath for 15 min followed by the addition of 1 mL each of TCA (2.8%) and TBA (0.5%). Finally the reaction mixture was cooled on ice and centrifuged at 6000 g for 15 min. The absorbance of the supernatant was measured at 532 nm. The negative control was without any antioxidant or fractions. The percent hydroxyl radical scavenging activity of extracts was determined according in comparison with the negative control. The sample concentration providing 50% inhibition (EC 50 ) was calculated from the graph. The hydroxyl radical scavenging activity of ascorbic acid was also assayed for comparison.
DPPH Radical Scavenging
To evaluate the free radial scavenging activity, all samples were allowed to react with a stable free radical, DPPH (Sanchez-Moreno et al., 1998) . Briefly, fractions (RF 1 RF 4 ) or ascorbic acid solution (0.2 mL) at different concentrations (2095 mg/mL) was added to 8 mL DPPH (5 mM) methanol solution. Absorbance at 517 nm was determined after 30 min. The antioxidant activity was expressed as a percentage of scavenging activity on DPPH radical:
where A 0 is the absorbance of the control, and A 1 is the absorbance of the samples. The control contains all reagents except the sample. The sample concentration providing 50% inhibition (EC 50 ) was calculated from the graph. The DPPH radical scavenging activity of ascorbic acid was also assayed for comparison. All tests were performed in triplicates.
Ferrous Ion-chelating Activity
The chelating of ferrous ions by the extracts and standards was estimated by the method of Dinis et al. (1994) . Fractions of ethanolic extract from Ramulus mori and EDTA (50480 mg/mL) were added to a solution of 2 mM FeCl 2 (0.05 mL). The reaction was initiated by the addition of 5 mM ferrozine (0.2 mL) and the mixture was shaken vigorously and left standing at room temperature for 10 min. After the mixture had reached equilibrium, the absorbance of the solution was then measured at 562 nm. The percentage inhibition of ferrozine-Fe 2þ complex formation was determined using the following formula:
where A 0 is the absorbance of the control, and A 1 is the absorbance of the samples. The control contained FeCl 2 and ferrozine, with complex formation molecules. EDTA was used as positive control.
Reducing Power
The reductive potential of all samples was determined by the method of Oyaizu (1986) . The different concentrations of fractions (30180 mg/mL) were mixed with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide [K 3 Fe(CN) 6 ] (2.5 mL, 1%). The mixture was incubated at 50 C for 20 min. A portion (2.5 mL) of trichloroacetic acid (10%) was added to the mixture, which was then subjected to centrifugation (10 min, 1000 g). The upper layer of solution (2.5 mL) was mixed with distilled water (2.5 mL) and FeCl 3 (0.5 mL, 0.1%), and the absorbance was measured at 700 nm. Higher absorbance of the reaction mixture indicated greater reductive potential. The reducing power of ascorbic acid was also assayed for comparison.
Statistical Analysis
All tests were conducted in triplicate. Data were reported as mean±standard error. Analysis of variance and significant differences among means were tested by one-way ANOVA using SPSS software (version13.0 for Windows, SPSS Inc., Chicago, IL).
RESULTS AND DISCUSSION
The total antioxidant activity of the fraction is constituted by individual activities of each of the antioxidant compounds. Moreover, these compounds render their effects via different mechanisms such as radical scavenging, metal chelating activity, inhibition of lipid peroxidation, quenching of singlet oxygen, and so on to act as antioxidants. Even if a sample exhibits high activity with one of these methods, it does not always show similar good results with all other methods. Therefore, it is essential to evaluate samples accurately by several methods. Hence, the following different methods have been adopted in order to assess the antioxidant potential of different fractions of ethanolic extracts from Ramulus mori.
Total Phenolic Content
The Folin-Ciocalteu phenol method is not an antioxidant test but an alternative assay for the quantitation of phenolic compounds (Wangensteen et al., 2004) . Phenolic compounds undergo a complex redox reaction with phosphotungstic and phosphomolybdic acids present in the reagent. Yields of the four fractions ( ranged from 5.6% to 2.4% and the total phenolic contents varied from 112.4 to 43.7 mg catechin equivalents/g extract. The maximum content of total phenol was found in the RF 3 , followed by RF 4 , RF 2 , and RF 1 . The yields of the four fractions decreased in order of RF 3 > RF 4 > RF 1 > RF 2 . According to Jayaprakasha et al. (2003) , the antioxidant activity of different extracts may depend on the presence of polyphenols which may act as reductions. Phenolic compounds have been reported to possess antioxidant effects including chelating metals, scavenging radicals and reducing capability (Rice-Evans et al., 1997) . Therefore, a higher content of phenolic compounds in above fractions may imply a stronger antioxidant capacity.
Superoxide Anion Scavenging Activity
The superoxide anion radical scavenging activities of all fractions from the ethanolic extracts are shown in Figure 1 (a). A doseresponse relationship was found in the superoxide anion scavenging activities in all the examined samples. The scavenging effect of the fractions and standards with the superoxide anion was in the following order: RF 3 > RF 4 > RF 2 > ascorbic acid > RF 1 . At the concentration of 80 mg/mL, the scavenging activity was 48.5% for RF 1 , 65.0% for RF 2 , 89.2% for RF 3 , 79.6% for RF 4 and 64.4% for ascorbic acid. The EC 50 of all fractions was 93.6, 71.4, 15.5, and 39.2 mg/mL for RF 1 , RF 2 , RF 3 , and RF 4 , respectively. Superoxide anion is a major source of many free radicals, such as peroxyl, alkoxyl, hydroxyl, and nitric oxide, which are formed from superoxide anion through Fenton reaction and/or lipid oxidation of nitric oxidation (Ambrosio and Flaherty, 1992) . It can be produced in vivo and can result in the formation of H 2 O 2 via dismutation. Moreover, the conversion of superoxide and H 2 O 2 into more reactive species, e.g., the hydroxyl radical, has been thought to be one of the unfavorable effects caused by superoxide radicals (Halliwell, 1991) . Therefore, it is important for the ethanolic extract of Ramulus mori (especially the RF 3 ) to have the impressive ability to scavenge superoxide anion radicals.
Hydroxyl Radical Scavenging Activity
The hydroxyl radicals, generated by the Fenton reaction in the system, were scavenged by all fractions of ethanolic extracts from Ramulus mori and ascorbic acid. The scavenging effects of all fractions and ascorbic acid are shown in Figure 1(b) . Among the five samples, RF 3 exhibited the strongest scavenging activity against hydroxyl radical. At the concentration of 10100 mg/mL, the scavenging effect was 8.929.6% for RF 1 , 14.4 59.6% for RF 2 , 32.992.7% for RF 3 , 16.866.7% for RF 4 , and 27.179.2% for ascorbic acid, which was in a dose-dependent manner. The EC 50 values of RF 2 , RF 3 , RF 4 , and ascorbic acid were 64.5, 19.8, 78.4, and 44.6 mg/mL, respectively. However, for RF1, the hydroxyl radical scavenging activity could not reach 30% at the dose of 100 mg/mL. Hydroxyl radicals are the most reactive and predominant radicals generated endogenously during aerobic metabolism among the ROS, which could be formed from superoxide anion and hydrogen peroxide, in the presence of metal ions, such as copper or iron and cause the aging of human body and some diseases (Siddhuraju and Becker, 2007) , interact with the purine and pyrimidine bases of DNA as well as abstract hydrogen atoms from biological molecules, leading to the formation of sulphur radicals able to combine with oxygen to generate oxysulphur radicals, a number of which damage biological molecules (Halliwell et al., 1987) .
For hydroxyl radical, there are two types of antioxidative mechanism: one suppresses the generation of hydroxyl radical, and the other scavenges the hydroxyl radicals generated. In the former, the antioxidant activity may ligate to the metal ions, which react with H 2 O 2 to give the metal complexes. In this study, in another assay system, we demonstrated the iron chelating ability of all tested samples. RF 2 and RF 4 exhibited weak chelating ability. It was likely that both of the two mechanisms might be responsible for the inhibition of hydroxyl radical. However, RF 1 and RF 3 showed strong chelating ability. It was likely that the antioxidant activity of them might be partially attributed to the chelating ability.
Scavenging Activity on DPPH Radical
The model of scavenging the stable DPPH radical is a widely used method to evaluate antioxidant activities in a relatively short time compared with other methods. The addition of the extracts to the DPPH solution caused a rapid decrease in the optical density at 517 nm. The degrees of discoloration indicate the scavenging capacity of the extract. From Figure 1(c) , we observed that a dose-response relationship was found in the DPPH radical scavenging activity. The activity increased as the concentration increased for each individual samples. The percentage of scavenging DPPH determined with 20 mg/mL of the different fractions and the results were as follows: RF 1 (18.6%), RF 2 (28.4%), RF 3 (44.6%), RF 4 (38.7%). Scavenging activity on DPPH for ascorbic acid at the same dose was 43.2%. The results revealed that all the examined samples had the scavenging character in accordance with the standards. The DPPH scavenging effect of all the tested fractions and the standard followed the trend: RF 3 > ascorbic acid > RF 4 > RF 2 > RF 1 . The EC 50 values for RF 1 , RF 2 , RF 3 , and RF 4 were 68.4, 25.5, 21.2, and 40.4 mg/mL respectively. The effect of antioxidants on DPPH radical scavenging was thought to result from their hydrogen donating ability (Baumann et al., 2002) . DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule. The decrease in absorbance of DPPH radical was caused by antioxidants, which reacted with the radical (Sa´nchez-Moreno, 2002) . These results reveal the four fractions of ethanolic extract from Ramulus mori can react with free radicals, which are the major initiator of the antioxidation chain of fat, thereby terminating the chain reaction.
Ferrous Ion-chelating Activity
It has been well recognized that transition metal ions such as those of iron and copper are important catalysts for the generation of the first few free radicals to initiate the radical chain reaction or the radical mediates lipid peroxidation (Nawar, 1996) , Chelating agents may inhibit radical generations by stabilizing transition metals, consequently reducing free radical damage. In the present study, the chelating agents can compete with ferrozine for ferrous ion. The iron-ferrozine complex has maximal absorbance at 562 nm and a large decrease in absorbance indicates strong chelating power. It was found that RF 3 and RF 1 ranked high chelating power, while RF 2 and RF 4 ranked low chelating power (Figure 2(a) ). Chelating effects were 69.4%, 21.2%, 76.8%, and 24.2% at 450 mg/mL for RF 1 , RF 2 , RF 3 , and RF 4 , respectively. EDTA exhibited the strongest chelating capacity and at 450 mg/mL there was a 90.2% chelating effect on ferrous ions in all the tested samples. Ferrous ions could stimulate lipid peroxidation by Fenton reaction, and also accelerate peroxidation by decomposing lipid hydroperoxides into peroxyl and alkoxyl radicals that can themselves abstract hydrogen and perpetuate the chain reaction of lipid peroxidation (Halliwell, 1991) . Chelating agents may serve as secondary antioxidants because they reduce the redox potential thereby stabilizing the oxidized form of the metal ions (Gordon, 1990) . Accordingly, it is suggested that the low-to-moderate ferrous ions chelating effects of these fractions would be somewhat beneficial to protect against oxidative damage. Figure 2 . Ferrous ion-chelating activity (a) for the fractions of ethanolic extract from Ramulus mori (RF) and EDTA. RF 1 (m), RF 2 (), RF 3 (oe), RF 4 (g), EDTA(Á); reducing power (b) of the fractions of ethanolic extract from Ramulus mori and ascorbic acid. RF 1 (m), RF 2 (), RF 3 (oe), RF 4 (g), ascorbic acid (4). Results were mean±standard error (n ¼ 3).
Reducing Power
The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity (Meir et al., 1995) and indicates that these compounds are electron donors. For the measurements of the reductive ability, we investigated the Fe 3þ Fe 2þ transformation in the presence of the fractions of ethanolic extract from Ramulus mori. Figure 2(b) indicated the reductive capabilities of all fractions of ethanolic extract from Ramulus mori. The reducing power of all the fractions from ethanolic extracts and the standard increased with increasing concentration. Reducing power of all fractions and standard compounds followed the order: RF 3 > ascorbic acid > RF 4 > RF 1 > RF 2 . The absorbance of the four fractions of ethanolic extracts from Ramulus mori was 0.74, 0.69, 1.37, and 0.98 at the dose of 140 mg/mL, respectively. Different studies have indicated that the reducing power of bioactive compounds is associated with antioxidant activity (Siddhuraju et al., 2002) . Therefore, the antioxidant activity of the tested examples might partially be a result of its reducing power. Okuda et al. (1983) mentioned that the reducing capacity of tannins prevented liver injury by inhibiting the formation of lipid peroxides. Furthermore, reductions can react directly with peroxides and also with certain precursors and thereby, prevent peroxide formation (Shimada et al., 1992) . The reducing capacity of various fractions of ethanolic extract from Ramulus mori might be due to its hydrogen-donating ability. Therefore, the examined fractions might contain reductions, which could react with free radicals to stabilize and terminate radical chain reactions.
To understand the relationship between the antioxidant activity and the total phenolics content better, the correlation of total phenols content with EC 50 value of each antioxidant attribute was established and coefficients were 0.751, 0.488, 0.274, and 0.847 for scavenging abilities on superoxide radical, hydroxyl radials, metal chelating activity, and DPPH, respectively. The above result revealed that phenolic compounds in the fractions of ethanolic extract from Ramulus mori were the major contributors of DPPH radical scavenging activity and the superoxide anion radical scavenging activity. However, the low correlations of the hydroxyl radical and metal chelating activity with the total phenol in this study suggested that phenolic compounds in the fractions of ethanolic extract from Ramulus mori might be the weak chelators of ferrous ions and scavengers of hydroxyl radicals. Satisfactory correlations were found of DPPH radical scavenging activity and reducing power with the total phenol in beers and wines (Lugasi and Ho´va´ri, 2003) . However, the poor correlations of superoxide anion radical scavenging activity and metal chelating activity with the total phenolic were revealed in malting barley (Zhao et al., 2006) . These different results may be due to variation in composition and content of antioxidants.
Detection and Isolation of the Powerful Compounds in the Ethanolic Extract from Ramulus mori
The antioxidant activities of the four fractions were evaluated with the above assays, the third fraction (RF 3 ) exhibited the highest activity in all of the assays. With regard to the yield and activity, RF 3 was selected for further isolation of bioactive compound responsible for the antioxidant activity. The HPLC chromatogram of the third fraction (RF 3 ) was shown in Figures  3(a) 3(c). Two main peaks were detected and the areas of these peaks were greater at 320 nm than at 260 nm or 280 nm. The component with the greatest peak area eluted at 10.4 min (peak 2), the other component eluted at 2.05 min (peak 1). Figure 3 (d) depicted the analytical reaction results of each extract by the addition of DPPH, the peak 1 at 10.4 min was obviously disappeared by the addition of DPPH when compared with that in the original data with detection at 260, 280, and 320 nm (when the same volume DPPH solution was added to the extract, the reaction mixture was diluted, which was the reason for the reduction in all peaks). The above result indicated that the compound of peak 1 was possible the most active antiradical compound in the constituents of the ethanolic extract from Ramulus mori. The result of HPLC was used as a reference to further isolate this compound (1.52 g) using silica gel column and Sephadex LH-20 column. The purity of the isolated compound was confirmed by HPLC and subjected to spectroscopic analysis to elucidate the structure.
Identification of Bioactive Compounds
The structure of bioactive compound was elucidated after analyzing the data obtained by various spectroscopic techniques. The molecular weight was determined using LC-MS. Mass spectrum showed the parent molecular ion m/z at 244 and the UV maxima observed at 326.5 nm. A two-dimensional heteronuclear multiple quantum coherence transfer NMR spectrum was recorded along with one-dimensional 1 H and 13 C NMR spectra, which gave clear indication of carbon skeleton of the compound (Table 1) . Based on these spectral data, the structure of the compound was identified as oxyresveratrol which was previously determined in mulberry tree (Hirakura et al., 1985) .
Antioxidant Activities of Ethanolic Extract from the Ramulus mori and Isolated Compound
The above antioxidant assays like DPPH radical scavenging activity, superoxide radical scavenging activity, and hydroxide radical scavenging activity were tested for oxyresveratrol, ethanolic extract of Ramulus mori to evaluate their antioxidant activity. BHA was used as a standard for antioxidant assay. The EC 50 values of oxyresveratrol, BHA, and ethanolic extract of Ramulus mori on DPPH radical scavenging activity, superoxide radical scavenging activity and hydroxide radical scavenging activity were shown in Figure 4 . The three samples exhibited various degrees of antioxidant capacity, Oxyresveratrol exhibited the highest antioxidant with the lowest EC 50 on the three radicals, and the EC 50 for oxyresveratrol, BHA and the ethanolic extract was 8.6, 13.9, and 57.5 mg/mL on superoxide radical respectively. For hydroxyl radical, the EC 50 was 14.4 mg/mL for oxyresveratrol, 47.5 mg/mL for BHA, and 69.1 mg/ mL for ethanolic extract, respectively. While the trend for DPPH scavenging activity of the three samples was similar to their superoxide radical scavenging activities and dissimilar to their hydroxide radical scavenging activities.
Recent studies have reported that oxyresveratrol possesses potent inhibitory activity against tyrosinase (Kim et al., 2002) . Further investigations have shown that the compound has strong skin depigmenting effects in both animals and humans, other interesting biological activities reported for oxyresveratrol include antiherpetic, anti-HIV, anti-inflammatory, antioxidant, and neuroprotective activity (Chung et al., 2003; Lorenz et al., 2003) . Considering the high solubility of oxyresveratrol in aqueous solutions and the low toxicity, it may be promising as a potential drug.
In the present study, various fractions showed varying degrees of antioxidation in different test systems. The third fraction (RF 3 ) was proved to be the most efficient fraction as it contained the highest amount of phenolic compounds and exhibited the strongest antioxidant capacity in all the assays used. The most powerful antiradical compound (oxyresveratrol) was isolated and identified followed by on-line HPLC method and characterized by different spectral analysis. Oxyresveratrol exhibited impressive antioxidant activities in scavenging the superoxide radical, hydroxide radical and DPPH. It is necessary to perform further studies for the isolation and identification of individual phenolic compounds and also in vivo studies are needed for understanding their mechanism. 
